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FOREWORD

Acknowledgement is given to the Land-Air Aeromed Support
Group, Division of Dynalectron Corp., who, as operating contractor
for the Daisy Decelerator, have done so much to contribute to the
successful completion of many projects on that facility, and to the
numerous military and civilian Air Force personnel who have con-
tributed to the design, construction and operational usefulness of

the facility.

This technical report has been reviewed and is approved for
publication.

Ol Kralar, Q.

C. H. KRATOCHVIL, Lt Colonel, USAF, MC
Commander
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ABSTRACT

The Daisy Decelerator is a sled-' ru sk facility used for
biodynamic and equipment impact testing.at the 6571st Aeromedical
Research Laboratory at Holloman AFB, New Mexico. ~Since its
first operational use in 1955, it has been developed to produce an
impact force capability of up to 200, 000 1bs (equivalent to 200 G
. for 1000 1b total weight), a maximum impact velocity of 175 ft/sec,
and a maximum displacement during impact of 4 feet. Test sleds
are available to carry one to three 250 1b test subjects in 2 variety
of orientations relative to the impact force vector. These sleds
are capable of accepting other payloads through simple adaptors.

Propulsion of the sled is provided by & pneumatic piston
device which accelerates the sled to the desired velocity over a
distance of 42 feet., The sled is then released to coast into a
waterbrake located further down the track. The waterbrake acts
on the sled to provide the required impact test pulse. The water-
brake force is controlled by pre-set orifices and can provide a
variety of test pulse shapes limited only by the mechanical
characteristics of the system, Tests have dernonstrated velocity
reproduced with a standard deviation of 1, 6%, and deceleration

reproduced with a standard deviation of 3., 5%,
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INTRODUCTION

The Daisy Decelerator, Figures 1 and 2, is a deceleration
test device capable of producing deceleration pulses up to 290 G
over a maximum of 4 foot displacement to ruman, animal and
eguipment test items. The device:consists of a test sled wbich
siides along two horizontzl rails, an =ccelerating devicc and a2
hydra-"ic brake. The sled is propelled by a pneumsztically powered
pistor accelerator {the air gun), and is stopped by 2 bkydrauiic
brake of unique design which produces a controlled deceleration
pulse.

Historical Development

The design of the Daisy Decelerator was initiated on May 23,
1953, when the Aeromedical Field Laboratory established the
test requirements for this facility. The initial design of the 220-
foot track, sled and brake was done at the Engineering ILaboratizsry
then at Holloman, and the device was first used iz 1955. Construction
was dene under separate contract for each item {1,2,3), and
acceptance testing was begun in the summer of 1955. Although the
use of an air gun for propulsion was criginaily contemplated for
the facility, these Jirst tests uzed =jection seat catapults to provide
the forc~ necessary to bring the sled to the reguired impact
velocity. Mission and organizational changes {4} eliminated the
Engineering I.2boratory az a service organizatior to the Aeromedical
Fieid Laboratory, and prevented completion of the air gun design.
Catapuits continued to be used Ior propulsior until acceptance of
the air gun during August 1960. Tkhe first humar test was made
Februvary 17, 1956, the first animal test on November 16, 19535,
and the first equipment test on September 22, 1355 {5).

The sled used in these tests was merely 2 flat topped test
vehicle, with limited versatility regarding test item placement.
Although small animals and equipment items could be adaptes easily
to the sled in a variety of positions, it was necessary for ine test
subjects to lie down, either on their back or on their side, to
distribute the inertial load at impact over the sled structure{6.7,8,
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9,10), Figure 3. This was undesirabie from both psychological
and physiological considerations; consequently, a contract was
awarded for the design and fabrication of a sled which would
permit these larger subjects to be seated in a conventional position
(11,12,13,14,15,16.17), Figure 4. This sled was used for much
of the testing during the early phase of facility development, and
proved to be so useful that two additional sleds of similar design
were obtained (18, 19).

Experience with this sled showed that the continued use of
ejection seat catapults for sled propulsion was not feasible. The
heavier weight of the second sled limited the velocity which could
be obtained and so greatly exceeded the design limitations of the
catapult that catapult case failures became common. Moreover,
the reproducibility of the impact velocity was less than desired
for human impact research. The impact velocity coula be changed
only by changirg the launch position of the sled toward or away
from the brake, thus altering the coasting distance and hence the
velocity lost during the coasting distance. This presented oper-
ational problems because of the difficulties encountered in relocating
the launch positiva.

To lessen some of these problems, attempts were made to use
two catapulis firing simultaneously and to use more powerful
catapults. These attempts were of limited success because of the
difficulty of achieving simultaneous firing of both catapults. More
important, the acceleration (because of the short stroke length
available) produced by these catapults in obtaining the desired
velocity became so great as to constitute a possible cause of
artifact in the data gathered during the impact phase of the test.

It was apparent that the airgun, originally a part of the facility
conceptual design, was needed,

The airgun was designed and fabricated under a contract
awarded January 3, 1958 (20). After some difficulty in the initial
testing, and subsequent repair, the airgun was accepted for
operational use during August 1960 (21), The airgun greatly

L]

]




N e,

.;2 : " - x,_.j..._. A ¢ e ,n. 1
' R ' 3.@1 o [ o &r 3 . ,
e . fepog oot u._. :.w.m__. s‘s e .”.Hi , N ' . o '
R AL . S s
‘PoENn 2em Pais 81Y) uaym apis 81y uo 0MH o} @Qﬂmﬂpvﬂk seM unvﬂ_.ﬁnwm aYJ 3eyl SON ,“
.uﬂmw..nh 03 397 WoXy 81 uoljOu Jo uodIXIQ .aucﬁﬁﬁw 383 ], I2dJUNJOA YItm 1 IsquanN paTs ‘e Q.ﬂ«wm..nfm :
, - | “
—r o 4 ‘
o
.
.
.
. w
iy 1
,.“J. i
" L
i wt . f "
b 0 2..._ “
|
;:&. , , i
, |
: |
| |
| .
I -
u |

Mt o © Gk vy e . et Ao 68 PEEIp R —




Mwﬁ::_

e

o .

zofeN ‘3593 s1y3 I0¥ Ioafqus ayy,
yo3rd snotxea je ‘spremyoeq 1o spremioy ‘yydrxdn pojess aq ues joafqns ayy
*ON SP9TSs jo TeosrdA3 st pays styy

Pk, - A
o . u#,. s

™

»

P R

‘D 0¥ 1240 jo joeduwy uw paureisns ‘rap ‘Burpeaq ‘1 ug
*3oedwy Buranp pats ayj smoys axnyord styy, ‘saydue
‘G pue ¢
*UOTIISO [RUOTIUIAUOY) B UL 30a[qNng UM ¢ Iaquuny pPoig

‘p oanBry

i

L s AN »

e

[N




LT RIS T

g
=
¥

e

)
bhiage
1
'

{1

increased the velocity range available for testing as well as
e¢liminated those problems associated with the use of the ejection
seat catapults. It did, however, create a previously unanticipated
problem.

In human and animal testing on this facility, it is necessary
to provirde time between the acceleration and impact phases of the
test to igsurc that the test subject is in the proper position for
the impact, and that the effects of the acceleration {however small)
do not invalidate the impact response data. At the high velocities
available with the airgun, the length of track available did not
permit long enocugh coast times to meet this requirement.

Consequently, in February 1961, a contract was awarded to
extend the length of the track (22)}. This extension was accepted
for operational use during October 1962. For convenience, this
extension is used only when required, the original length of track
sufficing for the majority of test requirements.

The sleds available for use at that time were adequate for
testing human sized payloads at high impact levels, but were
limited in that the orientation of the impact force vecfor in regard
to the subject could be changed only in pitch (rotation z2bout the ¥
axis). Developments in aircraft and spacecraft required additional
data in other impact orientations. To permit the collection of
these data a new sled was needed which would provide a wider
range of orientations. A contract was awarded on January 39, 1961
to design and fabricate such an "omnidirectic.aal" sled {23). This
sled was to accept the standard seated subject and permit the seat
to be oriented independently in 10° increments of roll, oitck and
yaw. The design and fabrication of this sled, within the weight
limitations, to meet the design goals proved to be a formidable
task. After many difficulties, the contract effcrt was ended and
the existing components were brought back to Hollormman AFB. The
remainder of the work on this sled was accomplished as a joint
effort by the Aeromedical Laboratory and the Field Maintenance
fabrication shops at Holloman AFB. The sled was finally completed
in August 1962, just in time to be used for a spacecraft research
effort to establish acceptable operational levels for recovery impact
(24, 25, 26).
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The success of this research effort led to a desire to
investigate various prototype crew seating and restraint systems
to be used in the Apollo spacecrafi. A first attempt to adapt an
existing sled to test a 3-man couch system met with limited
success because of differences between the sled-couch attach-
ment point and the sled-space capsule attachment point locations
{27,28). A completely new sled was needed for this testing, one
which would match the capsule attachment points as nearly as
possible and yet maintain the versatility necessary to simulate
impacts at various orientations., The design of a suitable sled
was undertaken as a cooperative effort between the NASA Manned
Spacecraft Center and the Aeromedical Research Laboratory and
the sled was fazkricated by the Holloman AFB Field Maintenance
shops. Because of the high center of gravity of this sled, it was
necessary to lift the waterbrake so as to align the braking for.c-
with the center of mass (to reduce overturning moments during
the impact phase of the testj. Thus, a spacer was built to go
between the waterbrake 2nd the foundation. This system was first
tested in October 1966,

The develepment of the data collection system has been
consistent with the development of the test hardware. The first
tests were instrumented only with strain gage accelerometers
feeding directly intc an oscillograph, one lead of electrocardiogram
datz, and a simple impact velocity measurement. As testing
became better defined and the data requirements became more
sophisticated, the data collectior system was expanded and improved.
Physiological measurements can be made on as many as three
subjects simultaneousiy and can include vector cardiograms {or
other leads as required}, electromyvograms, electroencephalograms,
respiration rate and depth, automatic blcod pressure measurements
{either by cuff or implanted transducers}, blood flow and even fetal
electrocardiogram (29j. Accelerations, velocity ar ° strains are
measured routinely. Displacements, velocities and accelerations
of selected points on the subject can be c¢btained through the use
of photometric techniques.

Onsite data handling and processing technigues permit
permanent oscillograph data and high speed film coverage to bo
reviewed ivithin minutes after a test, so that all data will be avail-
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able to the researcher before the subsequent test, even with as

many as 8 to 10 tests per day. FIigh speed, multiple exposure

. X-rays can be made during the impact to determine internal
organ positions at any time during the impact., Magnetic tape
recording is routinely available to permit automatic machine
processing of data or other playback as required. On-board data
collection systems have béen developed using recorders which
can collect data during impacts in excess of 100 G.

A, il

As can be seen in the above paragraphs, the Daisy Decelerator
impact test facility is a product of several years evolution and
development. This development continues. New items of test
equipment, new instrumentation and new data collection and proces-
siag techniques are constantly under consideration and investigation.
No repcrt such as this can adequate] describe the facility as it
will exist at anytime in the future, e _.ecially considering the
rapid process being made in instrumentation and analysis techniques.
At best, this report will describe only the major facility com-
ponents and operational charactcristics and peraaps indicate the
versatility of the facility for both equipment and physiological
impact testing.
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DESCRIPTION OF MAJOR COMPONENTS

Aos IR

A. Track

cevnbib st

The track consists of two solid steel rails, three inches in =
diameter and five feet apart {centerline distance}, supported on a
welded steel superstructure which is bolted to a reinforced concrete )
foundation. The rails arc cold rolled steel for smooth surface L=
finish and ciose tolerance and have joints aligned by mears of
concentric dowel pins. Provision is made for lateral adjustment
of rail position by tapered wedges and for vertical adiustme:ut by
shims. Alignment of both rails is maintained so as to produce less
than 2 G (peak) vibrations on the moving sled in the vertical and
lateral directions.
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The track is designed to withstand reactions from the sled
equivalent to a sta*tic vertical load of 40, 000 1bs and a lateral )
load of 10, 000 lbs. Midway down the track there is provision
for mounting a 200, 000 1b force hydraulic brake, and a 400, 000
1b force hydraulic brake can be mounted at the muzzle end.

A cross section of the track is shown in Figure 5.

B. Accelerating Device {Airgun) (Figure 6 and Figure 7)

The accelerating device {30), commonly called the airgun,
is used to provide the test slesd with sufficient velocity to
accomplish the required deceleration pattern. The device was
designed to accelerate sleds weighing between 250 lbs 2nd 2000
ibs to predetermined velccities between 30 to 175 fps with an
onset of acceleration less than 500 G/sec. It has been tested
in excess of these limits (Table I). The airgur was designed to .
provide sled velocities reproducible to within + 5%. In actual .
practice, much better performance is obtained when operating
within the design limits {see Section I1I for test data). Velocities
below design specifications tend to have somewhat larger variation.
Sleds weighing more thar 2000 1bs do not appear to have greater
velocity variation than do lighter sleds. Sleds weighing in excess
of 5000 lbs can be accelerated to maximum design velocity.

The airgun consists of five main assemblies: thrust piston
and housing, waterbrake assembly, onset control mechanism,
pneumatic system, and fire control panel. The f{irst four of
these are assembled into one unit located at the breech end of

the track (Figure 7).

The basic operating principle of the airgun is similar to a
large ejection seat catapult, i.e., telescoping tubes are allowed
to expand under the action of internal pressure. Is addition to
size, the major differences betwcen the airgun and an ejection
scat catapult are that the pressure source is pneumatic rather
than a cumbustion device, and the thrust tube is stopped by the
airgun waterbrake rather than attached to, and thus traveling )
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B TABLE I
H PERFORMANCE CHARACTERISTICS OF THE DAISY DECELERATOR =
I. Airgun: =
1. Designed to accelerate sleds weighing from 250 1bs to g
2000 1bs. Has been used successfully for sleds weighing =
more than 5500 1bs. %‘:
2. Designed to provide sled velocities of between 30 ft/sec g
and 175 ft/sec. Has been used at velocities of between e
10, 7 ftysec and 176 ft/sec. B £
3. Acceleration level less than 20 G for a maximum velocity % ;

test. Lower acceleration for lower velocity {approximately

proportional to V& ).

4., Acceleration distance fixed at 42 ft.

. . 5. Acceleration onset less than 500 G/sec.
II. Test Sleds: ,%
. - Sied Payload Basic Sled Design  Ultimate
No. Weight Weight G G
1 350 1bs 465 200 400
2 * 1410 £ 3 % 1
L 3 250 1bs 1975 171 513 i
4 250 1bs 3800 100 300 T - :
5 250 1bs 1950 171 513 Ll 1
6 1000 4830 25 100 Sataas
*Depends on payload and adaptor configuration. 3
See Text. i -
II1. Water Brakes: 1
Brake Braking Design Brake Ultimate Brake
No. Distance Force Force }
H 48 in. 260, 000 1bs £00, 000 1bs
3 -
! 3
; B =
=% = 2
: : = T
. i”“’;“ _ B R B o T 3 L T T O S e ) S __—..“‘i“ i i
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with, the sleé. The operation can be best understood by
reference to Figure 7. The bolster contacts the slad and
transmits the thrust {from the thrust piston to the sled.
Extensions of the bolster carry slippers which ride on the track
rails and support the forward end of the thrust piston as it
extends. The thrust piston is a hollow tube, closed off at one
by the bolster and provided with a siiding lip seal at the other
end. This prevents loss of air between the thrust piston and the
thrust piston housing. During pressurization, the bolster end of
the thrust piston is hald by a lever of the "onset control
mech_anism" which prevents the thrust piston from moving under
tne action of increasing pressure. Once the required pressure is
obtained, and all preparations for the test have been comoleted,
the onset control mechanism is de-energized, releasing the
thrust piston. The high pressure air within the system, acting
on the effective area of the piston, moves the thrust piston
forward. This moves the sled forward at increasing velocity.

At the end of its travel, the thrust piston is stopped by a special
thrust piston brake and the sled coasts along the track until it
engages the sled waterbrake.

end

The thrust piston is 3 hollow aluminain tube, about 60 feet
long and 8 inches outside diameter. Of this length, about 10
izet are needed because of the space requir. for the thrust
piston brake, and about 8 feet are required tc decelerate the
thrust piston. This leaves 42 feet effective lengih to accelerate
the sled. This distance remains constant for all tests. Variatiens
in velocity are achieved only by changing the pneumatic pressure
in the system.

The thrust piston housing acts as the cylinder ior the thrust
piston, and has a 10 inch inside diameter, giving an e¢iective piston
area of abeut 78.5 square inches. This area is divided between
the area at the bolster end {about 42.7 sgquare inches), and the
annular area between the thrust piston and the thrust piston housing
at the lip seal end. Only the pressure acting on this acnular area
is transformed into compressive force on the thrust piston thus
reducing the problem of buckling of this iong tube. This
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arrargement of the hollow thrust piston also permits the space
within the tube to act as additional air storage volume., The .
air storage tank holds approximately 80 cubic feet, and the
thrust tube holds about 20 cubic feet, giving a total reservoir
volume of about 100 cubic feet. The two stage, 40 hp air com-
pressor can pressurize the storage tunk to 560 psi in about 75
minutes, Most tests are accomplished with considerably lower
pressures, so that pressurization is not the limiting factor in
establishing turn around time. A gate valve is provided to
retain residual air in the tank after firing, so that the thrust
piston may be retracted after bleeding off only the air in the
thrust piston housing and thrust piston. The gate valve also
provides sorme measure of safety in operation, since it remains
closed until a few seconds hefore the test, Thus, the airgun
piston is at ambient pressure, and safe, during all sled
preparations,

MBI ARSI 15 3
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The airgun waterbrake operates through the use of an auxiliary
piston. Although the description of the waterbrake operation is
somewhat involved, the operation itself is simple. The thrast
piston passes through a sleeve in the airgun waterbrake. The
sleeve has three functions: it acts as support for the thrust piston,
it guides the auxiliary piston, and it serves as an attachment
point for a thin frangible plastic membrane. This plastic membrane,
annular in shape, is taped at its inner edge to the sleeve, and at
its outer edge to the main cylinder of the airgun waterbrake. It
retains water in the main cylinder until required for braking action.
As the thrust piston approaches the end of its travel, a brake pick
up tube, attached to the seal end of the thrust piston, brezks the
plastic membrane and engages the auxiliary piston. The auxiliary
piston then moves forward with the thrust piston, forcing water
ahead of it out through a series of holes in the upper part of the
main cylinder. The exchange of energy from the moving piston
to the moving water serves to stop the piston.
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The'bnset control mechanism'' is used to gradually release
the thrust piston. A hydraulic cylinder is connected to the .
bolster through a series of levers arranged so that pressure
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maintained within the cylinder will hold the bolster, and thus
the thrust piston, in place. Wkhen it is desired to fire the
airgun, the hydraulic pressure into the cylinder is released.
The cylinder then acts as a hydraulic shock absorber to
regulate the movement of the levers and release the bolster.
This regulation is designed to assure that the sied will be
accelerated with an onset rate of less than 500 G/sec. A
safety sear is provided to prevent premature release in the
event of power failure.

s D

The fire control panel, Figure §, is located in the test
control building. This panel contains the control switches for
pressurization and firing, gages to monitor air pressure in
the thrust piston housing and the main storage tank, ''ready
lights" for all necessary preparations, safety circuits and
interlocks, and communication controls.

P

o

C. Sled Number 1 (Figure 3)

This is the sled originally furnished for the Decelerator, It
is designed to decelerate a payload of 350 1bs at 200 G, A
minimum factcr of safety of 2 was used in the design. The sled
consists of a tubular truss built around a four-inch diameter
primary structural element. All tubing is AISI 4130 chromium
molybdenum steel, stress relieved after welding with no further
heat treatment. A 66 inch diameter, 2 inch thick plywood table
can be bolted to the top of the truss to form an attachment plane
for the test items. This table is removable to permit fastening
the payload directly to the truss.,

e Trgrrgy .
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The slippers for this sled provide the bearing between the
sled and the rails, and are typical of the slippers used on all
Daisy Decelzarator test sleds. The slippers encircle the cylindrical
rails for approximately 270 degrees, with the remaining 90 degrees
providing clearance for the rail supports. The slippers have
limited movement in the pitch and yaw degrees of freedom, and
g vertical and transverse adjustment is provided by means of shims.
: A replaceable bearing insert of bronze is used. This insert has .
a tapered leading edge. Frior to each test, the rails are coated

gy b gty

M 1]
A T R,

i8

o bt i
-




"
'
NS . -

Ty 1.-1“-.....:..!“:..;5..:.1 '

o T | Y T P A T n T

*pxeoqdird uo 81 aanpaedsoad umopjunos Buranp pasn NI NOSYDH ‘umoys aae !
(3397) @anssoxd aayy pue (yBix) exnssoxd yu¥; 10y sefen ‘1eued 1oXjuon) AXTy ‘H xnBry

19

. 1 @
e " o g i+ ! b

!
) VS SET—




att

T
=
£
E
=
=

(2%

G e L BT e 8 ¢

-

with a thin silicone base oil, As the slipper passes over the

rail, the tapered leading edge enables an oil film to be built -
up between the bearing and rail. This reduces the velocity loss

duc .o friction and slipper wear due to abrasion. Normally

several hundred tests can be accomplished before replacement

of the bronze inserts is required.

D. Sled Number 2 (Figure 10)

This vehicle was originally designed to carry a reinforced
aircraft type seat positioned in a vertical plane, After considerable
use, including programs which stressed the structure beyond the
design specifications, this sled was repaired and modified into a
general purpose flat topped test vehicle. It now serves as a
device for testing unusual payloads, for non-human testing at
high levels, or for tests in which failure of the equipment test
item could czuse damage to the sled.

E, Sled Number 3 and Sled Number 5 (Figure 11)

These sleds are exact copies of the original Number 2
configuration. A tubular truss framework carries a steel air-
craft seat similar in configuration to the MIL-5-9479 upward
ejection seat and is supported on the track by four slippers (31).
To reduce the magnitude of eccentric loads upon the structure,
the seat is placed deep in the structure so that the center of
gravity of the sled and test subject lies along the axis of the
brake piston. The seat itself can be rotated about a transverse
axis passing through the center of gravity of the combined mass
of man and seat. This arrangement permits adjustment of the
seat through an angle of 260 degrees in the vertical pitch plane,
with positive lock each 10 degrees. The seat may be placed in
either a forward facing (-Gx) or backward {(+G,) facing position
{ ?). The sleds are designed to carry a human test subject
~ 2ighing 250 lbs at a deceleration ievel of 171 G's while
maintaining a factor of safety of three.

SNV

s oI

T

The seat is easily removable so that it may be replaced with -
individual contour couches for high level deceleration work, or
with spec”illy designed fixtures for unusual test requirements.
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Figure 11. Sled Number 3 Similar to Sled Number 5) is Shown Just

in Front of the Waterbrake.
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F. Sled Number 4 {Figure 12)

This sled is designed (33) to fulfill the requirement for
human tolerance testing along an axis of deceleration other
than provided by the Number 3 sled. It orovides for adjust-
i ment of the seat along the roll and yaw axis as well as the

pitch axis.
This sled consists of the following major components:
{a) The subject seat, similzer fo that used on sled Number 3.

{b) The gimbal assembly which holds the seat and provides
two axes of rotation (roli and pitch).

{c} The ring, which provides rotation of the gimbal and
seat assembly about the vertical axis {yaw).

LR T R

{d} The brake piston which enters the waterbrake and
. transmits the decelerating force.

{e) The slippers which provide a sliding bearing between
the sled and the rails.

The seat configuration is similar to the MIL-5-9479 upward
ejection seat, but built of high streng:h steel plate to withstand )
. ) the high deceleration loads. It weighs approximately 287 pounds. i

The gimbal assembly is buiit of 7075-T6 2luminum alloy
nvited together to form a hollow box section for light weight and -
rigidity. Reinforcements are located internally where reguired F
toc carry the bending and torsional loads generated under some
test conditions. Its weight is 480 pounds.

The ring is of similar construction; i. €., a hollow rectangular
box section built cf 7075-T6 plate and extrusions, rivited together.
it carries 356 equally spaced 7/8 inch holes on a 101. 7 inch
diameter bolt circle tc enable positioning the gimbal and seat in
any yaw position provided by the 10-degree increments.

The truss, slippers, and brake piston are of conventicnal
design and construction, whose pertinent feztures cazn be obtained
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Sled Number 4 was designed to meet the following criteria:

1. Test subject weight, including pexsonal equipment, while
seated in the sled: 250 ibs.

2. Maximum test deceleration:; 100 G.
3. Factor of safety {on ultimate); 3.

4. Increment roll, pitch and yaw positioning of test subject,
with any combination of roll, pitch and yaw, through 360
degrees at 10-degree increments.

In consequence of the design concept of this sled, it can also
be used for testing large or special payloads simply by removing
the seat and gimbal and replacing them with a special adaptor which
carries the payload in place (Figure 13).

In order to identify the seat position on this sled, a simple
numbering system is used. The general arrangement of the ring,
gimbal and seat is shown in Figure 14. The 36 holes in the ring
permit the gimbal to be located to provide 10-degree increments
of yaw. The gimbal rotates about a pivot in its end fittings, to
provide roll orientation, also by 10-degree increments. Pitch
adjustment is provided by a pivot between seat and gimbal.

To describe the varicus positions of the gimbal end biocks,
thie gimbal and the seat, the following system is used:

The ring, gimbal blocks and gimbal are assigned numerical
designations corresponding to each 10 degrees of adjustment.
The progression of the numbers is such that:

(a) For the ring, 0 degrees is the position just behind
the probe and the positions increase in 10-degree increments
clockwise around the ring as viewed from above. This provides
the yaw designation.

(b} For the gimbal block the numbers begin at 0 degrees
with the gimba!? in the flat position and increase clockwise as
viewed by an upright subject looking towards the forward gimbal
mount, providing roll designation.
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(c) For the gimbal, the numbers begin with 0 degreces
with the seat back in the true vertical position (girnbal horizontal) .
and increases as the seat is tilted back, This establishes pitch
designation, Because of a 5-degree angle between the seat back
and the adjustment hole pattern, it is necessary to specify the
seat position in 5 degrees, 15 degrees, 2% degrees, etc.,
designations, with 5 degrees or 355 degrees being as close to
vertical as is possible.

The orientations of the roll, pitch and yaw positions are
specified by stating the gimbal block, gimbal, and ring numbers
in that order.

This designatiun system corresponds to stating the conventional
roll, pitch and yaw orientations of the subject with respect to a
normally upright subject looking forward. Only positive potition
designations are used to avoid operational confusion.

Figure 15 gives the seat position nomenclature for several
typical positions, The impact force vectors in this figure are
dirv~ied toward the suhject. The locus of the anterior and
posterior cone vectors is a cone of 90 degrees included angle.
The 8 vectors shown are distributed equally around the cone. Not
shown are the -G, position {0-5-0) and the +G, position (0-5-189).
Scme of the positions shown are "best fit" to the exact geometrical :
position shown in the sketch, as limited by the availability of
adjustments. More than one arrangement can be used to provide
P the required position. The ones shown are those used most often.

G. Sled Number 6(Figure 16)

The purpose of this sled is to simulate Apollo space capsule
crew couch attachment points in proper orientation with regard
to the impact force. Using the sarne nomenclature as developed
for sled No. 1, positions of 0%, 60° and 90° pitch, and 30°
increments of yaw can be achieved. The sled will test prototype
support, restraint and attenuation systems, compatible with the
attachment points and weighing up to 1000 lbs, to 25 G with a
factor of safety of 3 to the yield point of the material.
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DECELERATION FORCE VECTOR ORIENTATION ON ==
SLED NUMBER 4 Sled Position =

X g, 3 5 ==
<3 - 3
o §g =
ANTERIOR CONE ’ 19 % o
90° INCLUDED ANGLE s o o8 320
4 0 03 330
s 0 045 0O

6 0 03 03

7 0 005 040 £

8 © 33 030 :

9 0 085 180 .

10 O 085 220 ’
i1 O 085 270
12 0 085 320

I3 0 085 O

4 O 085 040
IS O 085 090
6 O 085 140
CORONAL PLANE 13 I7 O 045 180
i O 035 210
19 © 008 220
20 0 335 20
2l 0 38 180
22 0 335 150
23 0 005 140
24 0 033 130

3
{
i

—

2l

POSTERIOR CONE
©0° INCLUDED ANGLE

. Figure 15. Standard Omnidirectional Positions for Sled Number 4.
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The structure is a standard welded truass of AISI 4130 steel
tubing., To achieve the variation in yaw position, the upper haif
of the sled structure was designed so that it may be assembled to
the lower half at 30% increments of yaw, This upper half carries
all of the couch attachment points for the 60° aad 90° pitch
positions. Additional adaptors are required te accommodate the
0° pitch position and to provide bearing surfaces for the lateral
(+ Gy.) loads. These may be attached in the lower half at a
position corresponding to the yaw position of the upper hal{.

Because of the space envelope required by the 3-man couches
and the various impact positions to be tested, it was necessary
to build this sled entirely above the track rails. This resulted in
a truss assembly about 10 feet in diameter and rising 10 feet
above the rails. The center of gravity of the sled, couches and
test subjects is thus above the line of the deceleration force
rormaliy applied by the waterbrake. To avoid large overturning
moments caused by eccentricity between the test item center of
gravity and the line of application of the braking force, it was
necsssary to raise the waterbrake until the decelerating force
was in line with the center of gravity. To accomplish this, a
“water brake spacer', 52.75 inches high, is placed between the
water brake and the water brake attachment rails on the track
foundation (Figure 17).

To ease the operational difficulties of aligning the sled with
the waterbrake, this sled has incorporated screw adjustments
rather than shim adjustments for vertical and lateral positioning
of the slippers.

H. Waterbrake (Figure 18)

Perhaps the most important mechanical component of the
Daisy Decelerator is the waterbrake. This assembly has two
major parts, the waterbrake cylinder and a piston which is part
of the sled and enters the waterbrake cylinder. The operation of
the brake depends on the transfer of energy from the moving sled
to moving water.
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Figure 18. Waterbrake. The spray shield is shown moved to the.rear
of the brake to expose the water exit orifices.
‘ ground the sled probe is positioned to enter the brake.

plugs of various sizes are inserted into tapped radial holes
in the brake.
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The sled piston, 6 inches in diameter with an effective length
of 4 ieet, works in the braking cylinder which has a corresponding
inside diameter and length. This cylinder is permanently closed
at one end and sealed at the other by a thin plastic membrane.
Radial holes are drilled in the top portion cf the cylinder, along
its full iength, to allow water to escape as the piston moves
through the cylinder. These holes are threaded so that they may
receive plugs to either stop the hole completely or restrict the
flew to a smaller orifice. Thus the area available for water
discharge may be readily varied. A small (0. 003 inch) clearance
is maintained between the piston and the cylinder, so that leakage
is negligible. In addition, a lip seal is provided at the entrance
end of the cylirder, and the internal bore of the cylinder is
designed to promote pressure drop in any fluid attempting to pass
between the piston and cylinder walls. These methods are
sufficiently effective that replacement of the lip seal is not required
for in excess of 2500 test cycles.

In operation, the required orifice area for escape of the
water is calculated and appropriate plugs are installed in the
waterbrake cylinder. The piston entrance opening is sealed with
the plastic membrane, and the cylinder filled with water.. After
the sled has been accelerated to the required velocity by the
airgun,. it slides freely along the track until the piston attached to
the front of the sled engages the waterbrake. The piston breaks
the plastic membrane,. and the inertia of the sled acts to incrfase
the water pressure in the cylinder. This pressure causes the
sled to decelerate and the water to discharge through the orifices.
As the piston passes across each orifice opening, the orifice
becomes closed off, leaving only the orifices remaining downstream
for escage of the water. This provides, in effect, an orifice area
which is a function of the deceleration distance.

Knowing the required deceleration time history, velocity and
displacement time histories can be readily calculated by simgle
integration techniques. These can be combined tc produce
acceleration and velocity disylacement histories. With these
data and the effective weight of the test sled being decelerated,
the required orifice area can be calculated. These calculations
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are based upon the First Law of Thermodynamics as applied
to a steady flow yrocess, in which compressibility, heat
input, work input, changes in internal energy and hydraulic
head are assumec negligible. This resuilts in the elementary
equation:

i 4y

where p = pressure, pounds per square foot
V = velocity, feet per second

w = specific weight of water, about 62. 4 pounds »
per cubic foot R

g = standard acceleration of gravity, about 32.2
feet per second per second

and subscript s refers to the magnitudes acting on the sled
piston and subscript o refers to the magnitudes just past
the brake orifices.

This equation can be rewritten as:

Vi -Vi=- _2¢gp

= w
where p is the gage pressure acting on the piston.

From continuity consideration,

;o= A .
o
where Ag is the area of the sled piston and A_ is the -
effective area of the brake orifice openings, both measured in

square feet. Jsing this relationship to eclimirate V from the
energy equaticn: ‘

2 2 o !
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Within the operating limits of this brake, Viw is small
compared to 2 gp and may be ignored with littie error. This
permits further simplification so that:

RS AL

W
Fo = AsYs Y2gp

It is kncwn that the pressure acting on the piston must produce
the required deceleration force, or

p=_F . WG
A A

<3t e ML At st

where F is the deceleration force, W is the effective sled
weight and G is the deceleration required, in multiples of g.
Substituting into the equation for Ay,

After substituting the known values -

sltd

-

4
A =12.318 _s i
WG

i
il

bl

Yoy

This formula, with the previously calculated values for sled
velocity and deceieration, is used to calculate the required
orifice area as a function of distance in the brake. Experience
has shown that the effective orifice area is between one and one-
haif that of the actual area, depending on test conditions. Orifice
plugs are selected to approximate these areas as the sled

piston passes through the brake.

[
bt B

- I. Instrumentation

The data collection system of the Daisy Decelerator was
designed for maximum versatility and reliability under the high
deceleration forces encountered in test. On-board recorders
and transmitters are used only when special test conditions
reguire them. Instead, signals are transmitted from the sled
to the data coliection center {Figure 19) through an umbilical .
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cable, one end of which is permanently fastened to the sled
and which travels with the sled as it moves down the track.
The signal may be put on real time display, recorded on light
sensitive paper for quick look data analysis at expanded time
scale or recorded on tape 1or machine data analysis.

The umbilical cable {whip cable} is the electrical link
with the sled. It consists of "ALPA" 1329, 27 pair, 5%
conductor, #22 stranded wires, approximately 300 feet long.
The sled end terminates with Viking VR1-2AG3 connectors
which are mounted on a junction panel. The other end terminates
at a patch panel in the data collection center. This same patch
panel also provides connections for the input_ ind outputs of ail
amplifiers, the tape recorders, the recording cosciilographs,
the strip chart recorders, and the velocity measurement system.
It is thus possible to make any instrument connections desired
simply by making the appropriatc plug-in connections 2¢ this
patch panel. Multiple cables are used if the gquantity of data
requires the additional conductors.

Special provisions have been made for the use of bridge
type transducers with an output resistance of less than 1000 ohms.
These transducers have proven to be useful and reliable for
measuring strain, acceleration, pressure and low {requency
vibration, and are commonly used in testing on the Daisy
Decelerator. An excitation and balance unit is used which provides
independent excitation voltage levels, bridge balance 2nd isolation
for cagh of 24 transducers. Each of these channels-is equipped so
that dummy resistors caa be added when Jegrired to complete
ane or two active arm transducers, Calvanometer shunts may
ailso be added if required. A unique caiibratien unit is empioyed.
This system provides five point czalibration for each of the 24
data channels. Ten turn potentiometers are connected to act as
shunt calibration resistors across each bridge. Through proper
adjustment of the excitation and calibration controls, provided
for zach channel, it is possible to obtain guick look data traces
which have identical amplitude calibration. This permits ready
comparison of data from traasducers having different ouiput
characteristics, thus facilitating {ield decisions pertinent to
successive tests,
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vel appearing at the transduocer oulpul
section of the patch panel is venzlly less than 30 millivsiis,
This lowx level signal can be fed directly {0 2 sensitive galvano-
meter iz 2 rescording oscillograph if this is adeguate for the
test program. However. this signal =iil reguire amplification
if it must be fed into the tz;;e recorder c- high fregoen<y
galvanometer. To satisiy these reguiremnents, 30 Redcor
Afodel 351 diffcrertial amplifiers are available. These unils
provide gain 2djustmentis from 18 to 158D, with fzll scale
bandwidth from 0. ! to 190 Xz and with good common mode
rejection. This latter feature is necessary becatse of brm
picksp of the nnshieided umbilical goiny tc the slea.

Nine Aliegany Model 3123 DC ampiifiers are instailed io
provide ezzevatiszzai azzs.?iiﬁe-s, integrators and driver amplifiers.
121°se ampiifiers have provisiozns for conversion fo varicus fypes
of operaticnal ampliffiers, and are intended o be driven only by
the ontput of the differential amplifiers or the tape playback.

An Ampex Model CP 183 tape recorder is used for signals
which are suited for actornatic data analysis, for high fregmency
recording, or when a plaryback capabdility is regnired. This
recorder has i% FA data chamnels, with record and playbacs
modules for 50 ins tape speed. This gives a bandwidth ef 2C
to Z0 kX3Hz. The plavback modules permit real time monitoring
and recording ol the signal, providing gnick icck data asz&;sis-

Leach MTR 1200 recordess are available oz use e the
sled, 2nd have been successiully used at 'f'z:aif" zp o 177 G with
tape speed compensation technignes permitiing collection of data
during the Impact pulise. Both 7 irack, §F ips, and 1 track,
3 374 ips recorders are availadle budlt fo RIC €ata specifications{34].

Sied velocily is measured 2t the 23irgun-sied separalion
point and just prior to extrance inio the waierbrake. These
mmeasurements are made by Bming the interval as the sied pasces
over a knomx distance. Elecirical puises generzted 2t %
beginning and end of this measured distance are used o start
and stop Berkeley Model 7350 time interval counters for direct
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:adout of the time interval, and are recorded on the

scillograph or on magnetic tape for a permanent record.
A variety of standard time cuaes are available for display
on the records, and are useful both for timing and for cor-
relation between different records.

High speed (up to 2000 pictures per second) film coverage
is used to provide a detailed visual record of the events occur-
ripg during impact. On-site processing permits these films
to be reviewed within one hour after the test, if desired.

Photometric cameras are used to permit analysis of displacement,

velocity and acceleration of selected points on the test subject.
A Field Emission Madule 233, 30C kv x-ray unit is available to
‘ermine internal displacements during the tes’.

1
FACILITY PERFOLMANCE

The performance of the Daisy Decelerator is limited onty
by the ability of the airgun to produce the required impact
velocity and of the waterbrake (v provide the necessary
deceleration force and displacement. Other limitations ar-
associated with the design and structura: ibility of the test
vehicle, whether it be one of the sleds currently available at
the facility and adapted for the payload undergoing test, ox a
sled designed specifically for the payload and tes: requirement.

Table T lists the pertinent design and cperational limitations
of the curreatly available faciiity components. In this table,
"'"design' refers to the value chosen as an opzrational limit at
the time of the design and structural analysis of the component,
and ' ultimate' refers to the level at which structural failure

could be expected to occur.

Figure 20 shows the combined performance limits of the
facility when producing an ideal rectangular impact pulse. The
area to the left of the velocity and displacement limit lines,

40
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and the area under the sled lines, represents the combinations
of deceleration and duration available. In establishing the
curve for sled 2 it was assumed that a 600 1b payload fixture
was being tested.

Actual performance under a variety of conditions is
shown in Figures 21 through 29.

Figure 21 shows copies of accelerometer tracings taken
on sled 1. For this series of tests, no changes in the waterbrake
orifice settings were made as the impact velocity was changed
from about 20 fps to about 80 ips. This particular pattern was
calculated to produce 2 trapezoidal impact pulse shape with a
30 G deceleration, an oaset of 1500 G/sec and an impact velocity
of 50 ft/sec. Figure 22 is an overlay of all tests in this series
drawn to the same scale. As can be seen, the shape of the
impact pulse is fairly well retained and the deceleration level
is approximately a function of the square of the impact velocity.
The measurements were taken with Statham A6 strain gage
accelerometers of the appropriate range, amplifier gain of 100
and low pass filter at 100 Hz, with No. 338 CEC galvanometer
in the oscillograph.

Data from two identical, adjacent accelerometers,mounted
identically, used on test 2348 are shown in Figure 23. These
are shown to demorstrate graphically tiie importance ¢f proper
selection of the filter value; the upper trace was passed through
the 160 Hz filter, the lower trace through the 1000 Hz filter.

No other significant changes were made.

Similar difficulties can be encountered in other ways. For
exampie, Figure 24 shows three accelerometer data traces
taken from adjacent accelerometers on test 2650. All traces
represent the same measurement, yet the apparent differences
are obvious. As before, the top two traces were obtained
using Statharm A6 strain gage accelerometers, filtered at 100 Hz
and 300 Hz. The bottom trace v;as obtiined from an Endevco 2260
piezoele ctric accelerometer, also filiered at 300 Hz. The
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Test 2438
80.6 fps

Test 2437
59.5 fps
Test 2433
50.8 fps
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Velocity Variation Tests
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impo-iance of the higher frequency components of the lower
tra -es in both figures can be establisned orly after a thorough
cr.nsideration of the instrumentation, the accelerometer
wnounting and location, the test item or subject being
investigaied (and its respc .se characteristics), the purpose
of the test data analysis techniques to be used and the test
parameters. To eliminate the higher frequency components

of a trace by the arbitrary selection Of filters or transducers
may lose important data, yvet the retention of meaningless “hash"
on the data trace may well obscure the significant characteristics
of the trace, at least to visual inspection. Although it is not
expected that each investigator can be expert in the many
specialties of engineering and medical sciences applicable to

a research program, reasonable care should be exercised in

the reporting of the data, particularly in tabular listings of

peak G, onset, duration, etc. Figures 23 and 24 show that, even
if definitions of these parameters were standardized, the data
collection system can affect the data obiained.

For much testing, it is important to know the deviation
which may be expected on tests from the many factors which
cannot be exactly controlled in a practical sense. These may
include variations in wind, lubrication cof rails and airgun moving
parts, ambient temperature, wear of seals and bearings, airgun
energy {small variations In pressure and stored air temperature,
for example), etc. To determine this error, 2 series of 10 tests
were made under normal operating conditicns at the same test
parametlers {trapezoicdal pulse shape with 30 G plateau, 3007 G/sec
onset, and 50 ft/sec impact velocity). The data traces obtained
in this series are shown individually in Figure 25, and super-
imposed in Figure 26. For this smail sample, the measn velocity
was 50 3 ftisec, with a standari deviation of about 0.8 ftfsec
{:.5%). This resulted in a mearn deceleration of ibout 30.2 G,
with 2 standard deviation of about 1.05 G {3.5 %). These data
were obtzined with a2 58 G Statham Aé - ccelerometer, amplifier
gain of 100, {filter setat 190 Hz, and No. 338 CEC galvanometer.
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Figures 27 through 29 are representative of the many
impact pulse shrpes available throngh proper selection of the
walerbrake orifice plugs. The Sxshied lines on these figures
represent the pulse shape desired, arnd the curves represent
the actual daza obl2ined. Figure shows three test profiies
used in & series where it was desired to 2d8 a 29 G triaagulars
g 20 G trapezoidal deceleration pulse, arnd to iocate
this peak so ihat iz cronrred at the end, middle, or beginning
gure 28 shows basic triangmlar {gradual

rapid onsel} and half size impact pulse shapes. All of

the gata shown was obltained from Statham AS accelarometers,

orocessed through ampilifiers with 2 gaiz of 100, ifiltered at
30D ¥z, and recorded using No. 335 CZC galvanometer.

of the trapezoid. I3

re 29 shows two traces taXen o fests operating near

s

the maximum performance capability of the facility. Test
2045 was 2 mediom velocity {32, 5 f2isec) 280 G test. Tke
Sata trace was obtained using 2 Stztham ASZ accelersmeter,
filtered at 100 Hz, 254 recorded by a No. 338 CEC gaivans-
meter. Test 2632 was a bigh velecity {133 f£is=c}. 138 G
test. The data trace was oblained using a Statham A3SS
accelerometer, filtered at 180 33z, 208 recorded using 2
No. 338 CEC gaivanormeter.

The dalz and curves shown in this section are considered
representative of what is generalit accomplished by the
Daisy Decelerater. The Infinite variety of impact puise
shapes, which can be generated makes it possible to meet a
specific project reguirement simply by changes iz orifice
plug instziiation or Impact relocity., <an never be summarized
in 2 Teport such as this.
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impact testing at the 65371st Aeromedical Research Laboratory at Holloman AFB,
Since ite first operational use in 1935, it has been developed to pro-
duce an impact force capability of up tc 200, 900 1bs {eguivalent t0 200 G for 1000 b
total weight), a maximum impact velecity of 175 ft/sec, and 2 maximum displace-
Test sleds are available io carzv onz to three 250
=f orientations relative to the impact force vector.
These sieds are capable of accepiing other payleads through simple adaptors.
Propalsion of the sled is provided by a pneumatic piston device which accelerates
the sled to the desired velocity over a distance of 42 feet.

to coast into a waterbrake located further down the track.

New Mexico.

ment during impact of £ feet.
1b test subjects in a variety

trolied by pre-set orifices and can provide a variety of test puise shapes limited

only by the mechanical characteristics of the system.

with a standard deviation of 3.5%.
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